Background Previous studies of minimal medial epicondylectomy for cubital tunnel syndrome included patients with mild disease, making it difficult to determine how much this procedure improved sensory and motor impairments in patients with moderate to severe disease. Questions/purposes We asked if minimal epicondylectomy improved sensory and motor impairments in patients with moderate to severe cubital tunnel syndrome. Methods We retrospectively reviewed 25 patients treated with minimal medial epicondylectomy for advanced cubital tunnel syndrome involving motor weakness between
Introduction
Cubital tunnel syndrome is the second most common nerve compression neuropathy of the upper extremity after carpal tunnel syndrome [29] . Various surgical options for patients who do not respond to nonoperative treatment include simple decompression of the ulnar nerve around the elbow [1, 10, 25, 32] , medial epicondylectomy [6, 11, 17, 19] , or anterior transposition [15, 23] . Each method has advantages and disadvantages, although the choice generally is based on the surgeon's preference and experience [24, 30, 36] .
Medial epicondylectomy decompresses the cubital tunnel and allows a minianterior transposition without excessive dissection and devascularization of the nerve [19] . However, conventional medial epicondylectomy may produce elbow instability, medial elbow pain, ulnar nerve subluxation, flexor-pronator weakness, and elbow flexion contracture [8] .
To avoid these potential complications, some authors [16, 21] have advocated partial or minimal epicondylectomy. One study defined partial epicondylectomy as removal of greater than 40% of the medial epicondyle and minimal epicondylectomy as removal of less than 20% of the medial epicondyle [3] . Many studies using partial or minimal medial epicondylectomy have had 67% to 94% good to excellent results according to the Wilson and Krout criteria [43] , in which excellent meant minimal sensory and motor deficits and no tenderness at the incision site, and good meant a mild deficit but occasional ache [4, 5, 8, 9, 18, 21, 28, 30, 37, 39] . However, in a cadaveric study, O'Driscoll et al. [34] suggested removing greater than 19% or 4 mm of the width of the medial epicondyle in the coronal plane damages the anterior medial collateral ligament. Therefore, minimal epicondylectomy might be a better option than conventional or partial medial epicondylectomy if it similarly affects symptom improvement with a lower risk of elbow instability. In the literature, surgical results (based on the Wilson-Krout criteria) of minimal epicondylectomy were reported as 79% to 94% good to excellent [4, 8, 9, 16, 18, 30, 37] . However, some authors noted the potential for selection bias in such studies, and suggested that although minimal epicondylectomy may be appropriate for mild cubital tunnel syndrome, anterior transposition may be more effective for moderate or severe grades of the disease [5, 29, 35, 44] . Most of the studies for minimal epicondylectomy [4, 9, 16, 18] included patients with mild disease, which makes it difficult to assess the effectiveness of the procedure for patients with advanced disease.
We therefore determined: (1) whether minimal epicondylectomy improved sensory impairment and motor impairment in patients with moderate to severe stages of cubital tunnel syndrome; (2) whether sensory improvement and motor improvement with minimal epicondylectomy for moderate or severe cubital tunnel syndrome were similar to those of other epicondylectomy or nerve transposition studies reported in the literature; (3) when patients recognized the subjective improvement of sensory function and motor function; and (4) whether complications occurred that were related to minimal epicondylectomy.
Patients and Methods
We retrospectively reviewed all 62 patients who underwent minimal medial epicondylectomy and in situ decompression for treatment of cubital tunnel syndrome by one surgeon (GHB) between January 2003 and February 2009. All patients were confirmed as having cubital tunnel syndrome by physical examination and electrophysiologic diagnosis. Of these 62 patients, 54 had a minimum followup of 1 year. Of these 54, we excluded patients with the following conditions: (1) a double crush lesion, such as cervical radiculopathy, thoracic outlet syndrome, or Guyon's canal syndrome; (2) angular deformity of the elbow;
(3) other medical conditions capable of causing a noncompressive neuropathy, such as diabetes mellitus, chronic renal failure, hypothyroidism, rheumatologic condition, or chronic alcohol abuse; (4) osteoarthritis or instability of the elbow; (5) workers compensation; (6) McGowan Grade I compression [17] ; and (7) revision surgery for cubital tunnel syndrome. Patients with any other entrapment neuropathy that was not related to the ulnar nerve, such as carpal tunnel syndrome, were not excluded. We thus excluded 29 of the 54 patients: one with cervical radiculopathy, 11 with angular deformity of the elbow related to the fracture around elbow, six with diabetes mellitus, two with hypothyroidism, one with chronic renal failure, one with osteoarthritis, one with instability of the elbow, three with McGowan Grade I compression, and three who were lost to followup. The 29 exclusions left 25 patients available for study. There were 14 men and 11 women with a mean age of 53 years (range, 25-68 years). The mean BMI was 25 kg/m 2 (range, 21-32 kg/m 2 ). The period from the onset of symptoms to surgery was 22 months (range, 2-120 months). The surgery was unilateral in 20 patients (seven right and 13 left elbows), and bilateral in five. In patients with bilateral surgery, we included and evaluated the side with the more severe disease grade. Twelve elbows were dominant side. Minimum followup was 12 months (mean, 46 months; range, 13-86 months). This retrospective study was approved by the Institutional Review Board of our hospital.
Preoperatively, all patients had routine physical examinations of the cervical spine and upper extremity, including four tests for thoracic outlet syndrome (Adson's test [2] , hyperabduction test [31] , military brace test [22] , and Roos test [38] ). In addition, we checked ROM of the elbow, clawing, Tinel's sign [42] over the ulnar nerve at the cubital tunnel, the elbow flexion test [33] , local tenderness over the nerve, sensory deficit of the ulnar nerve-innervated territory by light touch, atrophy of the ulnar-innervated muscles, and grading of the intrinsic muscle strength. We did not check grip and pinch strength preoperatively. The average preoperative ROM of the elbow was 3°to 133°. Clawing was present in four patients, Tinel's sign in 20, local tenderness over the nerve in 21, and the elbow flexion test was positive in 19. We performed laboratory evaluations (blood glucose level, [GPT] ) for every patient to rule out certain systemic conditions, such as diabetes mellitus, hypothyroidism, renal disease, rheumatologic condition, or chronic alcohol abuse, as these conditions could be possible causes of the noncompressive neuropathy. We performed nerve conduction studies and needle electromyography studies of the muscles innervated by the ulnar nerve in all patients. All had abnormal nerve conduction velocities of the ulnar nerve across the elbow on the affected side (mean, 32.7 ± 7.5 m/second). We noted signs of axonal degeneration (decreased amplitude, neurogenic recruitment, polyphasic potentials) in the ulnar-innervated muscle in 20 patients. Preoperative radiographs of the elbow included AP, lateral, and cubital tunnel view [41] .
Two of us (KWK and HJL) preoperatively classified all patients according to a modification of the McGowan grading system reported by Goldberg et al. [17] , in which the original McGowan Grade II [26] was subdivided based on the extent of motor compromise. We classified patients with symptoms without abnormal objective findings as having Grade I cubital tunnel syndrome. Grade IIA neuropathy was characterized by good intrinsic strength (MRC Grade 4 motor strength [27] ) without detectable atrophy, and Grade IIB extremities had only fair intrinsic strength (MRC Grade 3) with intrinsic atrophy. We classified patients with neuropathy with intractable symptoms, profound motor weakness (MRC Grade 3 or less motor strength), severe intrinsic atrophy, and severe sensory disturbances as Grade III. Interobserver variability of the McGowan grade and Wilson-Krout criteria was tested using Cohen's kappa coefficient analysis using SPSS statistical software (version 17.0.1; SPSS Inc, Chicago, IL, USA). Cohen's kappa coefficients of interobserver variability of the McGowan grade and Wilson-Krout criteria were 0.89 (p = 0.021) and 0.91 (p = 0.026), respectively. Thus, grading taken by one of authors was used. Preoperatively, five patients had Grade IIA cubital tunnel syndrome, nine had Grade IIB, and 11 had Grade III. Each patient had a minimal medial epicondylectomy with in situ ulnar nerve decompression, as previously described [3] , with preservation of the anterior medial collateral ligament.
One orthopaedic surgeon (GHB) performed all operations with the patient under general anesthesia. Under pneumatic tourniquet, the surgeon made a curved skin incision approximately 6 cm on the ulnar side of the elbow, parallel to the ulnar nerve and 1 cm behind the prominence of the medial epicondyle. During the subcutaneous dissection the medial antebrachial cutaneous nerve was identified and preserved. The surgeon identified the ulnar nerve at its site of entrance to the cubital tunnel, and decompressed it from the arcade of Struthers to the flexorpronator aponeurosis. Through a subperiosteal dissection, the medial epicondyle was exposed and 4 mm or less [34] of the tip of the epicondyle in the oblique coronal plane was removed to ensure anterior translation of the ulnar nerve at flexion (Fig. 1) . The accurate translation length of nerve was not measured; however, the increased space for anterior translation of the nerve after osteotomy was recorded. After smoothing the raw bone surface with a rasp and rongeur, the periosteum was closed with absorbable sutures (Fig. 2) . Full ROM of the elbow was tested to evaluate adequate decompression and to check that the ulnar nerve no longer was compressed against the medial epicondyle at the osteotomy site, especially in elbow flexion. The surgeon checked that there was no subluxation of the nerve and then released the tourniquet and performed hemostasis. The extent of the medial epicondylectomy during surgery was measured using a ruler; the thickness of the removed epicondyle was 4 mm or less (mean, 3.8 mm; range, 3.2-4.0 mm). Fig. 1 A photograph shows how, through a subperiosteal dissection, the medial epicondyle (ME) was exposed and 4 mm or less of the tip of the epicondyle in the oblique coronal plane was removed using an osteotome. A long arm splint was applied for 1 week with 908 elbow flexion. At that time the splint was discarded and the patient encouraged to move the elbow as tolerated without any physiotherapy.
Postoperatively, patients were seen for followups at 2 and 6 weeks, then at 3, 6, and 12 months, and then annually. For this study all patients visited the clinic, and one surgeon (GHB) evaluated all patients preoperatively and postoperatively. The postoperative evaluation was performed in the same manner as the preoperative evaluation, including the subjective symptoms, ROM of the elbow, clawing, Tinel's sign over the ulnar nerve at the cubital tunnel, sensory change of the ulnar nerve-innervated territory by light touch, atrophy of the ulnar-innervated muscles, and grading of the intrinsic muscle strength. We did not use two-point discrimination for sensory testing. We took grip and pinch strength measurements at each evaluation. Improvement in intrinsic muscle function was defined as increased strength measurement on physical examination or increased muscle mass [16] . At last followup we again assessed all patients clinically and graded them again according to the modified McGowan grading system. We asked patients to complete the DASH questionnaire. The DASH questionnaire is a patient-reported outcome measure that has been validated for use after elbow surgery [7, 20] . Two of us (KWK and HJL) graded all patients using the Wilson-Krout criteria [43] . Patients' results were graded as excellent with minimal sensory and motor deficits and no tenderness at the incision site, good with a mild deficit but occasional ache or tenderness at the incision or osteotomy site, fair with improved but persistent deficit, and poor with no improvement or a worsened condition or with complications such as elbow instability, medial elbow pain, ulnar nerve subluxation, flexor-pronator weakness, and elbow flexion contracture. We checked valgus instability of the elbow and assessed grip and key pinch strength (Baseline Hydraulic Hand Dynamometer; NexGen Ergonomics Inc, Quebec, Canada) by comparison with the opposite normal side only in the unilateral cases.
We evaluated the time of subjective improvement of the sensory disturbance and motor weakness by asking whether the patient had felt any improvement of the sensory and motor function at each visit to clinic.
Results
We observed improvement of at least one McGowan grade in 23 of the 25 patients (Table 1 ). In the five patients with Grade IIA lesions, three improved to complete motor and sensory functions, and the other two had improvement of lesions to Grade I. Of the nine patients with Grade IIB lesions, six improved to complete motor and sensory functions, two improved to Grade I, but one had no improvement. In the 11 patients with Grade III lesions, five improved to complete motor and sensory functions, four improved to Grade I, one improved to Grade IIA, and one had no improvement. The mean DASH score was 14 points (range, 2-47 points). According to the Wilson-Krout criteria, the outcomes were excellent in 16 patients, good in five, fair in two, and poor in two. At final followup, grip and pinch strength were 88% and 91% of the opposite normal side with a correction for hand dominance, respectively. There was no change of postoperative ROM of the elbow compared with preoperative ROM. Clawing disappeared in two of the four patients with this condition.
Patients' subjective expression of improvement (whether the patient had felt any improvement) of sensory disturbance occurred at an average of 4.9 months (range, 0.5-13 months) after surgery, improvement of motor weakness at an average of 7.4 months (range, 1.5-24 months), and disappearance of tenderness at the osteotomy site at an average of 4.8 months (range, 1.5-12 months) postoperatively. Eighteen of 20 patients with atrophy of the ulnar-innervated muscles before surgery had improvement of intrinsic muscle function.
Substantial tenderness at the osteotomy site was present in two elbows at last followup. We identified no patients with medial elbow instability and ulnar nerve subluxation and none with symptoms or signs related to the medial antebrachial cutaneous nerve injury.
Discussion
Various surgical options for patients with cubital tunnel syndrome have been reported. Simple decompression of the ulnar nerve around the elbow [1, 10, 25, 32] , medial epicondylectomy [6, 11, 17, 19] , or anterior transposition [15, 23] have advantages and disadvantages. Thus the choice generally is based on the surgeon's preference and experience [24, 30, 36] . Medial epicondylectomy has the advantages of decompression of the nerve without excessive dissection and devascularization of the nerve [19] . However, conventional medial epicondylectomy may result in elbow instability, medial elbow pain, ulnar nerve subluxation, flexor-pronator weakness, and elbow flexion contracture [8] . Partial and minimal epicondylectomy have been used to avoid these potential complications, and satisfactory functional improvements regardless of the disease stage have been reported [4, 5, 8, 9, 18, 21, 28, 30, 37, 39] . Partial epicondylectomy has been defined as removal of greater than 40% of the medial epicondyle and minimal epicondylectomy has been defined as removal of less than 20% of the medial epicondyle [3] . However, some authors pointed out a potential selection bias: patients with less severe symptoms were treated more frequently with epicondylectomy, whereas patients with higher-grade compression syndromes were treated more often with transposition [29] . Thus the purpose of this study was to determine: (1) whether minimal epicondylectomy improved sensory impairment and motor impairment in patients with moderate to severe stages of cubital tunnel syndrome; (2) whether sensory improvement and motor improvement after minimal epicondylectomy for moderate or severe cubital tunnel syndrome were similar to those of other studies of epicondylectomy or nerve transposition reported in the literature; (3) when patients recognized the subjective improvement of sensory function and motor function; and (4) whether complications occurred that were related to the minimal epicondylectomy.
There were a few limitations to this study. First, we had no comparative groups that underwent a different surgical treatment. We therefore compared our data with previously reported data. Published studies used only unvalidated instruments, therefore we added DASH scores as the validated postoperative evaluation and used categorical variables for convenience for comparison with the other studies. Categorical variables, however, are prone to interobserver variability and may not have agreed with patient assessments. Second, although our data suggested minimal medial epicondylectomy with in situ decompression for patients with moderate to severe grades of cubital tunnel syndrome could be as effective as for those with mild disease, it remains controversial whether medial epicondylectomy has an additional role above and beyond in situ release [24, 28, 36, 39] . However, an important role of minimal epicondylectomy is that it can provide minianterior nerve translation not obtained by in situ release. Anterior transposition of the ulnar nerve also is a combination of in situ release and anterior nerve translation. Additionally, our focus was whether minimal epicondylectomy with in situ decompression produced a similar outcome for those with moderate to severe grades of cubital tunnel syndrome compared with the mild grades of disease. A properly powered prospective study could be [4, 9, 16, 18] ( Table 2 ). Published studies have shown subjective improvement was 79% good to excellent results in 66 patients [16] , 94% good to excellent results in 17 elbows [9] , an overall improvement of 95% (86% good to excellent results) in 22 patients [4] , and 73% good to excellent results in 29 patients [18] . Two of our patients had poor results although we could find no specific reason. In most cases, the final evaluations were performed after more than 24 months followup (as much as 59 or 84 months). However, followups of the two patients with poor results were relatively short (14 and 23 months); therefore, we think it is possible there would be some additional improvement with longer followup.
Our observations suggest minimal epicondylectomy produced similar surgical outcomes (according to the Wilson-Krout criteria) for moderate to severe disease as partial or total epicondylectomy and anterior transposition. For partial epicondylectomy, improvement percentages have been reported as 67% good to excellent results in 27 patients [21] , 75% good to excellent results in 60 patients [30] , 75% good to excellent results in 55 patients [37] , 79% good to excellent results in 80 patients [8] , and 80% good to excellent results in 45 patients [28] . Several studies have shown that after total epicondylectomy, patients experienced an overall subjective improvement of approximately 90% [9, 14, 16, 25, 40] . In studies of anterior transposition of ulnar nerve in patients with severe-stage cubital tunnel syndrome, the improvement percentages were reported as 72% to 100% [12, 13, 15, 23] .
In our study, the patients' recognition of sensory improvement occurred at a mean followup of 4.9 months, motor recovery at 7.4 months, and disappearance of substantial tenderness at the osteotomy site at 4.8 months. These findings concurred with those in previous studies [8, 9, 16] , even though there were limited studies showing the time of subjective improvement after minimal epicondylectomy. One study noted sensory disturbances disappeared in 87% of the patients by 3 months postoperatively, and osteotomy-related discomfort during elbow flexion was abated after a mean of 30 days [8] . In one study, residual medial elbow pain was reported as 52% at 6 months and 30% 1 year [16] . In another study, the authors reported tenderness at the osteotomy site disappeared after a mean of 3 months in 23.5% patients [9] .
There are potential complications after medial epicondylectomy, such as valgus instability of the elbow, medial elbow pain, ulnar nerve subluxation, flexor-pronator weakness, elbow flexion contracture, and loss of grip strength [8] . In previous studies of partial or minimal medial epicondylectomy, complication rates were reported to range from 0% to 52% for medial elbow pain [4, 8, 9, 16, 18, 21, 28, 30, 37, 39] , 0% to 2% for valgus instability [4, 8, 9, 16, 18, 21, 28, 30, 37, 39] , 11% to 23% for grip strength loss [8, 21, 28, 30, 39] , 0% to 15% for flexion contracture [8, 9, 16, 21, 28, 30, 37, 39] , and 2% to 4% for superficial wound problems [16, 21] . We identified no patients with serious complications, although two patients had mild tenderness at the osteotomy site.
A minimal medial epicondylectomy with in situ decompression can improve sensory impairment and motor impairment with a low complication rate in patients with moderate to severe cubital tunnel syndrome.
